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Abstract: The development of sporangium and sporogencsis in Isoctes 
taiwanensis DeYol arc described. Based on cell lineage and cytoplasmic 
contents, the sporangium in I. taiwanensis is suggested to be of hypodermal 
origin. The ontogeny or microsporangium and megasporangium arc the 
same in the early stage. The first indication of the young microsporangium 
is the differentiation of the irregular groups of deeply-staining cells (micro- 
sporocytcs) and lightly-staining cells (which become trabecula, tapctuin and 
part of sporangia! wall), whereas the carlist indication as a megasporan¬ 
gium is the enlargement of the mcgasporocytcs. The first fruiting leaves 
in tbc growing season arc always mcgasporophylls, and then followed by 
microsporophylls. There is occasionally some irregularity in the order 
of succession, and sometimes a sporangium is found bearing both rnicro- 
and megasporcs. 


INTRODUCTION 

The development of sporangium in Isoctes has been investigated in several species 
(Bower, 1894; Farmer, 1890; Goebel, 1880-1881; Hegclmaicr, 1872; Hofmeistcr, 1862; and 
Smith, 1900). In an earlier observation on /. lacustris, Hofmeistcr (1862) mentioned that 
the sporangium proper and velum were of different origin, whereas Goebel (1880-1881) 
pointed out that these two structures have their common origin in the same species. How¬ 
ever. the majority of later workers agreed with the observation that they originated from 
a group of common initial cells (Bower, 1894; Smith, 1900). These botanists have been 
more interested in detailing the mode of the formation of both the fertile part (sporocytcs) 
and the sterile part (trabecula and tapclum). There arc also some different views in their 
descriptions. These workers differ in their opinions regarding some aspects of the origin of 
the related structures and of cusporangiatc in origin. The sporangium of Isoetes is massive 
and large, it arises from a group of superficial cells on the adaxial side of the leaf base. 

Almost all botanists consider that Isoctes belongs to the hctcrosporous Lycopods, and 
that the microsporcs and megasporcs occur in the separate sporangium, i. c. the microspor¬ 
angium contains microsporcs and megasporangium contains megasporcs. There arc only 
two types of sporangia (Foster and Gifford, 1974). The sporangia of /. taiwanensis are very 
often found to contain both microsporcs and megasporcs (DcVol, 1972). These arc named 
mixed sporangia. A few other members of Isoctes arc found to have mixed sporangium 
(Alston. 1959; Arnold. 1958; Goswami and Arya, 1968. 1970: and Smith. 1900). but this is 
extremely rare further detailed description concerning the mixed sporangia are in their 
reports. 

Although this research was initiated as a traditional examination of the micro- and 
megasporogenesis in I. taiwanensis, the results also seem relevant to the ontogeny and some 

aspects of their related structures. 
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MATERIALS AND METHODS 

hoeies laiwanensis DeVol was collected from Chi-hsin Mt. (-fcfiilj), and moved to water 
tanks in the shadding house in The Department of Botany. National Taiwan University. 
The plants were potted and submerged in the tanks with slowly running water for at least 
six months before the collection for sectioning. 

The corms of about l.Scm in diameter were harvested twice each month on 15th and 
30th from September, 1980, through February. 1982. Two corms were obtained each time. 
All the sporophylls used for fixation were limited to the leaf base bearing the ligule, velum, 
sporangium and a portion of the corm apex. The materials were fixed in FAA (Johansen. 
1940), dehydrated, and run through the TBA-serics to paraffin. Serial transverse and 
longitudinal sections were cut at the thickness of 8-10 jum and stained with Safranin, 
orange G. ,and tannic acid iron alum (Sharman. 1943), or Hcidcnhain's hematoxylin (Johansen, 
1940). The material for the detection of insoluble carbohydrates was with Periodic acid-Schiff's 
reagent (Jensen, 1962). 


RESULTS 

Three types of the sporangia viz. microsporangium, megasporangium, and mixed spor¬ 
angium, are recognized in I. laiwanensis. The microsporangium contains microspores, the 
megasporangium contains megaspores (Figs. 1-5). The megaspores in mixed sporangium 
are slightly smaller than those in the sporangium containing ony mcgasporcs, and the 
microspores in the mixed sporangium are much smaller than in the sporangium containing 
only microspores. The microsporcs and megaspores in the mixed sporangium develop 
respectively into the functional microgamctophytcs and megagametophytes when cultivated 
in % strength of Hoagland solution. 

The leaf initiation starts with periclinal cell divisions in a small group of both epidermal 
and subepidermal cells on the sides of the shoot apex. This group of cells continues to 
divide, forming a protruding leaf primordium (Fig. 6). This leaf primordium will develop 
into the leaf, ligule, velum, and the sporangium (Figs. 6-18). Therefore, this leaf primordium 
is actually a primordium of leaf-velum-sporangium complex. As it becomes a few cells 
high, one of the surface cells becomes enlarged and undergoes a scries of cell divisions, 
finally giving rise to the ligule (Figs. 7-11). The detailed sequential stages in ligule forma¬ 
tion in /. laiwanensis have been described by Yang (1973). The cells in the complex 
primordium on the abaxial side more frequently than those located on the adaxial side, 
and become more or less cylindrical structures by extension of the future leaf blade (Figs. 
7-17). 

The initiation and early development of the sporangium 

Microsporangia and megasporangia are indistinguishable during the early stage of deve¬ 
lopment. When the young ligule is still a few cells in length, a group of single-layered cells 
in the surface of the adaxial side of the complex primordium undergo the periclinal cell 
division and function as velum-sporangium primordium (Figs. 7-9, 44a). Apparently the 
velum and sporangium originate from a group of common cells (Figs. 10-15). The cells in 
velum-sporangium primordium arc darkly stained (Fig. 12). Shortly after the first periclinal 
division takes place, a few cells located immediately below the ligule divide, becoming 
protruded in an upward oblique direction to give rise to the velum (Figs. 12-15, 44d). The 
margin of velum towards the ligule grows less than its opposite side. The velum reaches 
its final size earlier than the stage one of what is able to discern between microsporangium 
and megasporangium. As the velum grows, the remaining cells which are derived from the 
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Figs. 1-3. Median longisection of sporophylls through the sporangium: 

(1) megasporangium; (2) microsorangium; and (3) mixed 
sporangium. Key to labeling rcfcring to p. 83. 
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Figs. 4-5. Enlarged view from Fig. 3, showing boih micro- and megasporcs 
inside the mixed sporangium. 

superficial cells after the first periclinal division follow a scries of cell divisions to give rise 
to the sporangium. After the first periclinal division, the cells in outer layer divide anti- 
clinally and the cells in inner layer divide in several directions. The former divides mainly 
in an anticlinal direction to become the epidermal layer of the sporangium (Figs. 17-19). 
Occasionally, they divide periclinally to increase the cell layer in the epidermis (Fig. 18). 
The epidermal layer is discernible from the inner cells by cell lineage in the early stage of 
development and by both cell lineage and lighter cellular contents in the later stage (Figs. 
14. 17-23). They become lighter in cell contents in the later stage of development (Figs. 
17-23). This distinctive appearance of epidermal layer persists for very long time, even in 
the stage of spore maturation (Fig. 29). As seen in Fig. 18. the cells which arc derived 
from the inner layer after the first periclinal division appear to be darker in the cytoplasmic 
inclusions. But w-hen stained with PAS reagent, both the epidermal layer and the inner 
cell group are identical (Figs. 14. 17). No apparent difference can be seen in total carbo¬ 
hydrates between them. The cells derived from the inner layer ultimately become trabecula 
and tapetum. 

Microsporogenesis 

The first indication which the microsporangium is the differentiation of the irregular 
groups of deeply-stained and lightly-stained cells. The former is the fertile region and the 
latter the sterile region which transverses the former (Figs. 20-22). The sterile region does 
not however, divide the fertile region into complete chambers. The cells in the fertile 
region finally become the microsporocytes, and those in sterile regions form the inner part 
of the sporangia! wall, tapetum and trabecula. After the differentiation of fertile and sterile 
regions, the young microsporangium continues to enlarge in size, and the cells in it continue 
to divide. The cells in fertile regions retain their darkly stained appearance all the time 
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Figs. 6-11. Longisection of corm through the periphery of apical zone, showing the early stage of 
the sporangial development and its adjacent area. 

Fig. 6. The initial of blade-ligule-velum-sporangium complex (arrow) in the side of shoot apex (sh). 

Figs. 7- 9. Showing a single row of velum-sporangium primordium (arrows) in the superficial layer 
beneath the young ligule. 

Figs. 10-11. Arrows show the superficial cells located below the young ligule become more dense in 
cytoplasm. 
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and become the microsporocytes (Figs. 22,23). The microsporocytes as well as their nuclei 
pass through a period of resting and enlargement. The nuclei increase in size and become 
rich in chromatic substance (Fig. 23). Subsequently the microsporocytes separate from each 
other and also from the cells in the sterile region, i. e.. tapetal cells (Figs. 24, 25). Shortly 
after the separation, the microsporocytes become round (Fig. 26) and follow the meiotic 
division. The meiotic division is synchronous and is of the successive type. i. e., the first 
division of the nucleus is followed by the formation of a cell wall before the next division 
of the daughter nuclei. Almost all of the microsporocytes undergo meiotic division and 
give rise to the microspores. The arrangement of tetrads is decussate shape. They have 


Median longitudinal sections of young sporophylls showing various 
stages of the developing sporangia. Arrows show the upper part of 
superficial cells giving rise to the velum. (Fig. 14. Stained with PAS 
reagent.) 


Figs. 12-15. 
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Figs. 16-18. Both transection (16) and Longisection (17, 18) through the developing 
sporangia, showing the differentiation of epidermal layers (arrows). 

(Fig. 17. Stained with PAS reagent.) 

their walls in two planes at right angles (Fig. 27). The young tetrads soon fall apart. 
The individual microspore is bilateral in shape (Figs. 28. 29). 

The differentiation of tapetum in the sterile region occurs almost at the same time as 
the microsporocytes separate from the cells in the sterile region (Figs. 24. 25). Shortly after 
the separation of sporocytes. the cells in the outermost layer of the sterile regions, which 
were formerly in contact with the fertile region, appear to be more deeply stained and will 

Fig. 19. Transverse sections of the developing sporangium with various cell divisions in the deriva¬ 
tives of the inner cells. 

Figs. 20-21. The sporogenous tissue becomes recognizable as a microsporangium by its differentiation 
into irregular deeply-stained (fertile region) and feebly stained radial band (sterile region). 
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Fig. 22. Median longitudinal section of young microsporangium. 

Fig. 23. F.nlarged view or Fig. 22. Note the deeply-stained regions after a period of active 
multiplication, giving rise to the microsporocytes. and the feebly-stained regions 
giving rise to the trabecula, tapetum and sporangial wall. 

Fig. 24. Showing the microsporocytes separate from sterile tissue. 

Fig. 25. Showing that the trabecula cells are lengthened. The tapetal cells arc more deeply 
stained and the individual microsporocytes fall apart. 
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become tapetum (Figs. 24, 25). The cells in this young tapetal layer multiply rapidly. 
They are frequently found in the process of mitotic division with the spindle axis perpen¬ 
dicular to either the surface of the sporangia! wall or the inner cells of the sterile region. 
These inner cells of the sterile region will become trabecula. The mitosis in tapetum goes 
on for a rather long period until the sporocytes attain their final size and prepare for 
mciotic division. Consequently, the tapetal cells appear to be small and numerous. The 
tapetal cells are one layered in most areas, with two layers occuring in some places (Figs. 
26, 29). The tapetum arc recognizable even at the time when the microspores have matured 
(Fig. 28), but the outline as well as the stainiable nature of the tapetal cells become more 
obscure in the later stage (Fig. 29). As the microsporangia develop and increase in size, 
the cells of trabecula tend to elongate and slender in shape (Figs. 28, 29). 

The cells in the sterile regions which lie toward the periphery of the sporangium and 
continuous with the epidermis of three to four layers form the inner part of the sporangial 
wall. So the sporangial wall is composed of one (occassionally two) epidermis which has 
derived from the outer layer formed soon after the first periclinal division. When stained 
with PAS reagent and KI-I, solution, there is an abundance of starch grains in trabecula 
and sporangial wall (Fig. 28). 

Mcgasporogenesis 

The first sign which leads one to recognize the early megasporangium differs very much 
from that in the young microsporangium. The early stage of development is the same as 
that in microsporangium (Figs. 44a-e). After the epidermal layer of the sporangial proper 
becomes identifiable by their cell lineage and the lighter-stained nature, certain cells in the 
inner region enlarge markedly (Figs. 30, 31). They arc about four to five times larger than 
their neighbors. These enlarging cells are megasporocytcs. The enlargement of the mega- 
sporocytes takes place during a considerable period before there is any possibility of distin¬ 
guishing the trabecula. The enlarging megasporocytes do not lie in contact with one 
another (Figs. 30-32). They are separated from each other by the cells of ordinary size 
(Figs. 31-32). Soon after the megasporocytes reach their maximal size, the cells of three 
to four layers which are surrounding the megasporocytes increase in cytoplasmic density 
and will become tapetum (Figs. 32, 33). The remaining lighter stained region becomes the 
trabecula and a part of sporangial wall. The later stages of the formation of trabecula and 
sporangial wall are the same as those which occur in microsporangium. As the developing 
tapetum becomes denser in cytoplasmic contents, the tapetal cells gradually separate from 
tne megasporocytes (Fig. 33). As a result of the separation of the tapetal layer from the 
megasporocytes as well as the growth of the whole sporangium, large sporangial cavities 
are formed surrounding the enlarging megasporocytes (Figs. 34, 44e). The tapetal cells are 
three to four layers in thickness. The tapetal cells located next to the sporangial cavity 
form outgrowing papilla which protrude into the cavity (Figs. 35, 39). The trabecula in 
megasporangia are fewer in number, but more massive as compared with those in micro¬ 
sporangia. 

All the enlarging cells will give rise to megasporocytes. A thick callose wall is formed 
surrounding the megasporocytes prior to meiotic division (Fig. 36). and the indivisual 
megaspore in tetrads is also delimited by a wall with the same composition in the later 
stage of sporogenesis (Fig. 37). The meiosis in megasporocytes is the simultaneous type, 
ie, the nucleus of a megasporocytes continues with two successive divisions and cell walls 
are formed after the completion of meiosis (Figs. 37, 38). The tetrads are tetrahedral in 
arrangement. The further enlargement of the megaspores occurs after the tetrads'formation. 
A mature megaspore is about 50 times larger than in the tetrads stage (Fig. 41). The 
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Fig. 26. The nuclei of microsporocytes increase in size, become rich in chromaiin, and prepare to 
divide. At the same time, the tapetal inclusions continue to increase in density. 

Fig. 27.- Showing the tetrads arrange in typical decussate type (arrow). 

Fig. 28. The young tetrads fall apart and become bilateral in shape. Note the presence of PAS 
granules in trabecula (in PAS stain). 

Fig. 29. Microspores increase in size. 
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Figs. 30-33. I.ongiscctions of ihe young megasporangia showing Ihe early stages of the 
megasporocyte formation. 

Fig. 30. Enlargement of megasporocyte (arrow). 

Fig. 31. Deeply stained area appears surrounding the enlarged mcgasporocytcs (Mgc). 

Fig. 32. The same stage of fig. 31. showing the deeply stained regions, which surround the 
mcgasporocytes, that will become tapetum. Feebly stained regions beccme the 
trabecula and a portion of sporangia! wall. 

Fig. 33. Tapetal cells become more conspicuous and separate from megasporocytes. 
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Figs. 34-36. Developing megasnorangia, the cells of trabecula undergo elongation and 
flattening. Tapetal contents increase in density, and isolated megaspore 
mother cells become continuous by enlargement of cavities of sporangia 
and outgrowing tapetum. 

Fig. 37. Showing tetrahedral division of megasporocytes (arrow). 
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Fig. 38. Showing tetrads split into four megasporcs. Tapctum is still evident. 
Fig. 39. Showing the young megaspores and papilla-like tapctum. 

Fig. 40. Showing the mature megaspores and more elongated trabecula. 

Fig. 41. Enlarged‘mature megaspore. 
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Figs. 42-43. Median longitudinal sections of aborting sporangia (arrow), showing 
the normal ligule and velum. 

cytoplasmic contents of tapetal cells in the mature megasporangium are always denser than 
those found in the mature microsporangium. 

Sterile sporangia 

It is also a common case that aborted or undergrown sporangia are found present in 
association with so-called sterile leaves (Fig. 42). These sporangia are very small. As seen 
in longitudinal sections, they range from a few cells to several hundred cells when the 
associated lamina, ligulcs, and velums arc fully expanded. Most of them are not detectable 
when examined under a dissecting microscope. The mature spores are occasionally found 
inside the aborted sporangia. Studying their mode of sporogenesis, it was found that they 
are megaspores rather than microsporcs (Fig. 43). However, these megaspores are always 
smaller than those obtained in the normal megasporangium. 

Seasonal changes and arrangement of the sporangia 

The sporophylls are arranged spirally and lit tightly together. There is no regular 
order in the distribution of sporangia within the corm. As shown in Table 1. corms may 
consist entirely of megasporangia, or of microsporangia, or of mixed sporangia. In mixed 
corms, some bear an outer megasporangial zone with an inner zone of microsporangia, and 
some in inverse situation, in which the two types of sporangia form irregularly mixed up. 
And still some other corms bear entirely sterile leaves. It is also shown in Table 1 that 
there is a slightly correlation between the appearance of the sporangia and the seasonal 
changes. Most corms w hich were collected after August and September have sporangia 
only in the very old leaves (located in the outermost layer of the corm). No corms with 
young leaves bearing sporangia were found until the collections were made the next 
February and March. Since the sporangia with their associated sporophylls are formed in 
a acropetal sequence, and have to hold onto the corms for rather long time after maturation, 
it is possible to trace the approximate time of the formation of a given sporangium. 
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Table 1. Seasonal changes of sporangial formation 
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Tabic 2. Graph showing the seasonal variation of the temperature 
and sporangial formation, (^represents the presence of 
young sporangium 



1S80-* 1981—*• 1982—► 

Therefore, it reveals that the fruiting period lasts from February to September. 

The formation of the sporangia is also affected by temperature. As the temperature 
increases in late February, the young sporangia commence to form. When the temperature 
slowly declines at the end of August, the young sporangia gradually disappear (Table. 2). 
The formation of megasporangia always precede microsporangia formation at the beginning 
of a growing season. The mixed sporangia arc frequently found in the corms collected of 
either at the beginning or the end of the growing season (Table 1). It is a very sommon 
ease for several mixed sporangia to be found born in the same corm. The appearance of 
mixed sporangia is very low in frequency as compared with that of both micro- and mega¬ 
sporangia. We examined 1.213 sporangia and found only 23 mixed sporangia (1.9%), 602 
microsporangia (49.6%), and 588 megasporangia (48.5%). These results suggest that both 
micro- and megasporangia have almost the same frequency in the entire population. The 
aborting sporangia are not included in this counting. 

Key to labeling 


B .... 

. .Blade primordium 

Mgc.. 

.. Mcgasporocylo 

Ca ... 

. .Callose 

Mi ... 

.. Microsporc 

DSp.. 

..Developing Sporangium 

Mic.. 

. .Microsporocytc 

DTa . 

.. Developing Tapetum 

Sh ... 


DTc.. 

..Developing Trabecula 

SR ... 

..Sterile region 

Ep ... 

..Epidermal layer 

Sw... 

..Sporangial wall 

HR... 

..Fertile region 

Ta ... 

. .Tapetum 

Lb ... 

. .Leaf blade 

Tc ... 

. .Trabecula 

LI ... 

. .Ligule initial 

V .... 


Li.... 

. .Ligule 

VSI .. 

.. Vclum-sporangal 

Mb .. 

.. Megaspore 




DISCUSSION 

As observed by most workers in Isoeles (Bower, 1894; Smith, 1900), both the velum 
and the sporangium have their common orgin in their early development in /. laiwanensis. 
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The velum is formed from a few cells located jusl below the ligulc in the outer layer, 
which was formed after the first periclinal division in the velum-sporangium primordium. 
The velum is supposed to be the outer extension of the sporangial wall rather than the 
velum and sporangium being of different structure as mentioned by Bower (1894). It also 
agrees with Smith’s (1900) suggestion that the velum might be considered as a sterilizing 
portion of the sporangium. The cell lineage and cytoplasmic contents in the epidermis of 
the sporangium appear to be very particular and distinct even in the very early stage 
of development (Fig. 13). The epidermis of the sporangia seems always to be neglected 
by most of the early workers (Bower, 1894; Farmer, 1890; Hofmcislcr, 1862; and 
Smith, 1900). But Hcgclmaicr (1872) considered that the outer layers which become 
the sporangial wall are from the beginning separated from the inner complex, so emphasized 
was the deep-origin of the sporogenous tissue. Goebel (1880-1881) employed the term 
"archcsporium”, which is in hypodermal position to designate as sporangial initial, and to 
demarcate from the superficial layer. The superficial layer indicated by Goebel (1880-1881) 
was actually the epidermal layer topographically. Evidently, the sporangia in /. taiwanensis 
are hypodermal in origin. The outermost layer of the sporangial wall is supposed to be the 
epidermis. The epidermis is uniseriate in the most areas, and biseriate in a few areas. It 
is also true that the sporangial wall in some gymnosperm members exhibit the epidermal 
layer rather than the wall cells derived from the sporangial proper (Erspamer, 1952; Singh, 
1961; Singh and Chatterjec, 1963; Owens and Pharis, 1967). 

The first indication to distinguish the microsporangia from the megasporangia in the 
early stage of development shows much similarity to that in several species of Isoetes studied 
by earlier workers (Bower, 1894; Foster and Gifford, 1974 Smith, 1900). It seems that the 
early stage of the differentiation between microsporangia and megasporangia in Isoetes does 
not vary among the plant species. 

As that in the majority of heterosporous vascular plants, the mcgasporocytcs are much 
larger than microsporocytcs and much fewer in number. The enlargement of the mcgasporo¬ 
cytcs is the earliest and the most conspicuous change inside the developing megasporangia 
of I. teiwanensis. There is no noticeable enlarging process in the microsporocytcs inside the 
microsporangia. Both microsporocyles and megasporocytcs separate from the sterile tissues 
(tapetum and trabecula) before the meiotic division. The separation of microsporocytes 
from the sterile tissue occurs almost at the same time as the differentiation of the tapetal 
cells, whereas the separation of megasporocytcs occurs after the differentiation of tapetum 
(compare Figs. 22-24 and Figs. 31-33). The megasporangia always contain more cell layers 
of tapetum than the microsporangia, and the tapetal cells in megasporangia always become 
papillate, protruding into the sporangial cavities. Smith (1900) mentioned that some of the 
tapetal cells might be derived from the degenerating mcgasporocytcs based on the presence 
the large amount of the tapetal cells in the megasporangia. The tapetal cells maintain their 
morphology up to the time of spore maturation. Goebel (1930) described that as the 
secretory type tapetum. Foster and Gifford (1974) also observed the presence of the dege¬ 
nerating mcgasporocytcs functioning as nourishing tissue for megasporc development, as well 
as acting as plasmodial tapetum. But this situation seems not the ease in the present 
investigation. No tapetal cells seem to be derived from the megasporocytes. All the enlarging 
mcgasporocytcs undergo meiotic division and give rise to the mcgasporcs. No plasmodial 
tapetum is found in the megasporangia, this is the same in the microsporangia. Though 
there were more than one type of tetrads arrangement in the same sporangium in some 
Isoetes species (Smith, 1900) only one type in each type of sporangium, i. e. decussate type 
in microsporangia, and tetrahedral type in megasporangia, was found in I. taiwanensis. 

It was found that almost all of the leaves in some corms have sporangia. It seems 
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that all the leaves arc potential sporophylls. Synchronous development of the sporocytcs 
inside the large sporangia, the spiral arrangement of the leaves, and potential sporophylls 
of all leaves arc all phenomena which suggest that this plant has probably retained a rather 
primitive nature of the sporophyte rather than the other living Lycopods. 

The occurrence of two kinds of spores in the same sporangium is also seen in some 
other vascular plants such as: megasporangium of Marsilea (Pettitt, 1970); Selaginella sulcata 
(Pettitt, 1974, 1977); in ovules of Ginkgo (Stewart and Gifford, 1967); and Encephalartos 
(De Sloovcr, 1961). All of these arc due to cytoplasmic gradients or chromosome inbalances 
in the sporocytcs. These explanations seem not be the ease in /. taiwanensis. Both micro- 
spores and mcgasporcs in the mixed sporangia are always smaller than those obtained from 
the normally microsporangia and megasporangia. The sporadic occurrence of the mixed 
sporangia in /. taiwanensis suggests that this is a relict phenomenon. Unfortunately, we 
failed to obtain the complete scries of specimens in the development of mixed sporangia. 

ACKNOWLEDGEMENTS 

This work was supported by the National Science Councial Grant, Republic of China. 

LITERATURE CITED 

Alston, A. II. G., 1959. Isoetaceae. In Flora Malesiana Scr. 2. Part 1: 62-64. 

Arnold, C. A., 1958. Contr. Mus. Palcont. Univ. Mich. 14(10): 149-166. (cited by Goswami and Arya, 
1968). 

Bower, F.O., 1894. Studies in the morphology of spore-producing members: Eguisetineae and Lyco- 
podineae. Phil. Trans. Roy. Soc. (B) 185: 473-572. 

De Sloover, J.L., 1961. Etude sur les Cycadalcs. I. Mciosis ct megasporogensis chcz Encephalartos 
poggei Asch. Cellule. 62: 105-116. 

DeVol, C.E., 1972. Isoetes found on Taiwan. Taiwania. 17 (1): 1-7; 17(3): 304-305. 

Erspamer, J. L., 1952. Ontogeny and morphology of the microsporangium in certain genera of the 
Coniferales. Ph. D. Diss. University of California, Berkeley, (cited by Foster and Gifford, 1974). 
Farmer, J. B., 1890. On Isoetes lacustris. Ann. Bot. 5 : 37-62. 

Foster, A. S. and E. M. Gifford, 1974. Comparative morphology of vascular plant. 3nd ed. San 
Francisco Freeman and Co. 

Goebel, K., 1880-1881. Beitrage Zur vcrglcichenden cntwickc-lungsgcschichte dcr sporangium. Bot. 
Zeit. 38 : 542-572 ; 39 : 681-720. 

-, 1930. Organographie dcr pflanzcn. Dritte Auflage. Zweiter Teil. G. Fischer, Jena, (cited 

by Foster and Gifford, 1974). 

Goswami, II. K. and Arya, B. S., 1968. IIctcrosporous sporangia in Isoetes. The Britisn Fern Gaz. 
10(1): 39-40. 

- , 1970. A new species of Isoetes from Nursinghgarh Madhya Pradesh. 

Journ. Indian Bot. Soc. 49 (1-4): 30-37. 

IIegelmaier, F., 1872. Zur Morphologic dcr Gatlung Lycopodium. Bot. Zeit. 30 : 773-851. (cited by 
Smith, 1900). 

Hofmeister, W., 1862. The higher cryptogamia. Roy. Soc. London, (cited by Smith, 1900). 

Jensen, W. A., 1962. Botanical histochemistry; Priciplesand Practice, drawings by Evanell M. Towne. 
San Francisco and London, \V. H. Freeman. 

Johansen, D. A., 1940. Plant microtechnique. Mcgraw-Hill Book Company, New York and London. 
Owens, J. N. and R. P. Pharis, 1967. Initiation and ontogeny of the microsporangiate cone in Cupressus 
arizonica in response to gibberellin. Amer. Jour. Bot. 54: 1260-1272. 

Pettitt, J. M., 1970. Heterospory and the origin of the seed habit. Biol. rev. 45 : 401-415. (cited by 
Pittitt, 1977). 

- , 1974. Developmental mechanism in heterospory II: Evidence for pinocytosis in the 

microsporcs of Selaginella , J. Linn. Soc. Bot. 69 : 79-87. 


88 


TAiWANlA 


Vol. 28 


Pettitt, J.M., 1977. Developmental mechanism in hclerospory: Features of posl-meiotic regression 
in Selaginella. Ann. Bot. 41: 117-125. 

Singh, H., 1961. The life history and systematic position of Cepkaloiaxus drupacea. Sieb. et Zucc. 
Phytomorphology. 11: 153-197. 

__and J. Chatterjee, 1963. A contribution to the life history Cryptomeria japonica D. Don. 

Phytomorphology 13 : 429-445. 

Smith, R. W., 1900. The structure and development of sporophylls and sporangia of Isoetes. Bot. Gaz. 
29: 225-258 ; 323-346. . -. 

Sharman, B.C., 1943. Tannic acid and iron alum with safranin and Orange G in studies of the shoot 
apex. Slain technology vol. 18: 105-111. 

Stewart, K. D. and Gifford, E. M. Jr., 1967. infrastructure of the developing mcgasporc mother cells 
of Ginkgo biloba. Am. J. Bot. 54: 375-383. 

Yang, T. Y., 1973. The anatomy of /. taiwanensis DcVol. M. S. Thesis of National Taiwan University. 


& $ * li £ A 

Strife.#- 

m m 

(Isoetes taiwanensis DcVol) • tttftmtttt 

nammnm * (/. taiwanensis) im® (Hypodcrmal origin) o/jx 

(gP'J'ft?3J91&) &&&&& » ( 0 \ trabecula ' ffiuIW 

» m&k. 

• mm * * m 1.9#. 



